INTRODUCTION
Hu sheep is one of the most important species in China; it was listed as one of the 78 nationally protected domestic animals by the Chinese government in 2000. Constructing Hu sheep cDNA library for the protection of genetic resources, as well as identifying gene functions, has an important genetic significance (Wang et al., 2013) .
A cDNA library is a combination of cloned cDNA fragments inserted into a collection of host cells; it refers to the biological developmental stages of the transcriptome. Since cDNAs are produced from fully transcribed mRNAs and contain only the genes expressed of an organism, cDNA libraries are a powerful and useful tool for efficiently identifying gene products (Yang et al., 2012) . The construction and analysis of cDNA libraries are considered to be an indispensable tool for functional genomic analysis since these libraries provide considerably detailed information on the genomic mechanisms underlying diverse processes of an organism (Hu et al., 2009; Shao et al., 2009) . In this study, the SMART TM technique was used for producing high-quality and full-length cDNA libraries that preserve the complete 5ꞌ terminal sequence of mRNAs (Du et al., 2007) . The establishment and characterization of cDNA library for Chinese Hu sheep can not only help to preserve this nationally protected breed resource but also provide probes for the construction of molecular marker linkage maps. More importantly, it can be used to separate full-length genes and identify their functions (Ye et al., 2012) .
MATERIAL AND METHODS

Animal and tissue collection
Ear marginal tissue samples of Hu sheep were collected from a Hu sheep conservation farm in Su Zhou, Jiangsu Province of China. The samples were frozen in liquid nitrogen and then used for RNA isolation.
RNA extraction and cDNA library construction
Total RNA was extracted from 100-mg tissue samples using Trizol reagent (GIBCO, USA). cDNAs were synthesized using a SMART PCR cDNA synthesis kit (Clontech, USA). cDNA expression library was then constructed using SMART TM cDNA library construction kit (Clontech). The amplified libraries were stored at -80°C.
PCR screening of cDNA inserts
The constructed library was screened using M13 primers to determine the percentage of recombinant clones and ligation efficiency. Efficient ligation of cDNAs to the λTriplEx2 Vector should result in more than 80% recombinants.
Titering the amplified library
The titer of the library was determined by incubating 100 μL serial dilutions of the given recombinant bacteriophage with 200 μL of the appropriate host. The plaques were counted, and the titer (PFU/mL) was calculated as follows: PFU/mL = (number of plaques x dilution factor x 10 3 μL/mL) / (μL of diluted phage plated).
RESULTS AND DISCUSSION
SMART technology was used to produce fragments of 300 bp-4 kb of the doublestranded cDNA (Figure 1 ). After the double-stranded cDNA was digested using Sfi, large cDNA fragments were separated using the Chroma SPIN-400 column; electrophoresis showed that the first 5-, 6-, 7-and 8-eluting cDNA materials were larger than 300 bp. cDNA column fractionation was used to elute and enrich cDNA fragments according to fragment size in a descending order. Since the column should be completely balanced during operation, the column substrate was repeatedly balanced using buffer solution. Further, fractionation might be affected by bubbles in the column substrate, and hence, they were eliminated. Since the cDNA quantity was considerably smaller after fractionation, the collected cDNA was detected using thin agarose gel electrophoresis. The time of electrophoresis was shorter than usual to avoid blurring of the target bands. The separated products were selected according to the size of cDNA fragments, which were estimated by agarose gel electrophoresis; small fragments were discarded because they might affect the ligation efficiency and cDNA library quality (Fülle, 2003) .
Test results showed that the titer of the unamplified cDNA library was 2.71 x 10 6 PFU/ mL; the titer of the amplified library reached 1.09 x 10 10 PFU/mL. In all, 96 phage clones were randomly selected for PCR; 1.0% agarose gel electrophoresis results showed that 8 clones were empty (including those with fragment length of less than 300 bp) and 88 were positive. The re-rate was 91.6%, and the average length of the inserted fragment was about 1.1 kb (Figure 2 ).
Library titer and recombination rate are 2 important indices for the evaluation of cDNA libraries (Serafica et al., 2005) . A cDNA library is constructed to identify more meaningful cDNAs; the comprehensiveness and representativeness would be questionable if the library titer was low. A cDNA library must include almost all reverse transcribed mRNA molecules so that each gene can be cloned. Both in terms of capacity and library insert sizes, the library constructed in this study met the quality requirements, i.e., it had certain integrity of representation and sequence and could be used for further study. The data obtained from our library suggested its comprehensiveness and representativeness since there was diversity of genes in size and occupancy.
A cDNA library was first established by Hofstetter in 1976 (Hofstetter et al., 1976 ) and developed by Gubler (Gubler et al., 1983) . In the early stages, ligation efficiency of plasmid vectors was low, amplification and preservation of vectors were difficult, and insert cDNA fragments were always too short. With the advancement in technical competence, cDNA libraries could be constructed more conveniently and efficiently. Different methods for construction of cDNA libraries were developed: cap retention procedure (CAPture; Edery et al., 1995) , oligo-capping method (Suzuki and Sugano, 2003) , switching mechanism at 5ꞌ end of RNA transcript (SMART) method (Zhu et al., 2001) , cap-trapper method (Carninci et al., 2000) , and cap-jumping method (Efimov et al., 2001) . Every method had some drawbacks, for example, PCR amplification could affect representative cDNA clones, some genes were difficult to be cloned, plasmid vectors were not suitable for large gene clones, and some methods were time consuming and complicated. Powerscript TM RT reverse transcriptase was used with the SMART method for the construction of full-length cDNA expression library; the process was convenient and time saving (Wellenreuther et al., 2004) . This method had some advantages: primarily, a small amount of mRNA was needed, and there was no need for enzyme or chemical reaction before cDNA synthesis, and hence, mRNA degradation was reduced. Furthermore, the ratio of full-length cDNA was relatively high. Therefore, the SMART method has widely been used in medical and genetic studies.
The ear tissue cDNA expression library of Hu sheep constructed using SMART technique had good quality. The titer of amplified cDNA library was 1.09 x 10 10 PFU/mL, the rate of recombinant was above 91.6%, and the average size of fragments was 1.1 kb. This study has an important significance for the preservation of Hu sheep resources at the genome level.
